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CESSON DESCRIPTION S j

i
~ This lesson is designed to be used in sequence with fhe complete
Sludge Treatment and Dispdsal Course #166. It can be uséd independently

as a complete lesson. * . )
* ‘ . *
This lesson describes the three different, types of sludge lagoons;

drying, facultative and anaerobic lagoons. Discussion is made of the

normal operating sequence and the equipment ‘involved,

ESTIMATED TIME' L ‘ _ \
Student previeﬁ ' 5-10 minﬁtes
Presentation . 17 minutes
Discussion - 10 minutes R
MWorksheet - .. 10-15 minutes > . |

.

1. Student text "Sludge Lagoons"
2. Slide se%ﬁ"S]udge Lagoons" =

3. Slide p?b&éctor o .

4, Screen. ‘ K o
5. Design drawings of lo¢al Tagoon systems.

-

4

" SUGGESTED SEQUENGE OF PRESENTATION

-

. Assign reading - emphasis on glossary and"objectives,

1
2, {Leciure using slide set.
3. Open discussion. R ' ,
4, Assign worksheet. ﬁ a )
5. Correct worksheet. . ‘ ) . -
HE oo v , o o . Dy
* REQUIRED READING j ‘ -

4
Student: text "Sludge Lagpons"
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REFERENCE READING . o -

. N v,

Process Désign Manqa] - Sludge Treatment and Disposal, pages 9-14
through 9-17, 15-22 through 15-50 ‘
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OBJECTIVES

& .

1.

0. ~

3
s

Upon comp1etion of this 1ess6n the student will be able to do the

" following:,

‘Explain why a sludge drying Tlagoon resemb1es sludge dry1ng beds .

10.

11.
12.

14, 'Recall that.lagoons are used for dewatering, further decompos1t10n,

:Descr1be the general ma1ntenanee cons1derat1ons of sludge 1agoon
.systans

" 15:
16.

@ e 17.

SLUDGE LAGOONS - - S

!

" ’

Explain how lagoon, as a treatmént process, fits into the over-
,all wastewater treatment scheme. :

Describe the equipment which is common to all s]udge 1agoon
var1at1ons . v Lo

List the six operating,procedures common to alil types of lagoon
systems - .

Exp1a1n how the (oHomng design cr1ter1a affect sludge 1agoon .
operation: m
a) Climate T

b) Subsojl permability, . .
¢) Sludge characteristics e
d) Depth and area

Recall that lagoon storage is-not su1tab1e for unstabilized,
dewatered, or partially dired, sludge because of the prob]ans w1th

septicity.

Describe sludge drying lagoons. ) - : k .
Recall ‘the sludge loading rate if' the sludge dry1ng lagoon-is 2.2 -

2.4 1bs/yr/ft3 of lagoon capacity. 4.
Describe facuﬂtat1ve sludge lagoons. ‘ . ’ ‘ )

Recall that the s]udge loading rate of the facu]tat1ve'ﬂagoon is
20 1bs VS/1,000 ft</day. ‘
Describe anaerobic slydge lagoohs. RN

(Exp1a1n the mechanisms of 02 supply in'a-facultative 1agoon , S

Exp]a1n why receiving undigested feed s]udge is the major emergency
encountered during lagoon operation. ‘ ) o .

and storage of wastewater s]udges

Descr1be the causes of odor prob]ems and what can be done to solve
them. S e e B

Expldin the effects of pnor supernatant qua11ty on the treatment
p]ant and what can be done to improveé oh ﬁupernatant qua11ty
R |

£G-3 of 11 - 10/82 o




"SLUDGE .LAGOONS

R e e L i ——

- . LECTURE OUTLINE

'

I. INTRODUCTION e 4 ‘ -
" A Method of Sludge Jewatering
1. Similar o drv1n§ beds

'8, Drying and‘de@a@ering accomplished by: (A\\
1. Decanting supernafant oo
é‘ Evaporatiqb ) ‘. . - /
3. Drainage .
4, Transportation ‘

%

11, BASIC CONCEPT

A. Different operational variations have common design, eguipment,
" and operational requirements.

B. ‘Design and equipment
1. Rectangular shape, retaining walls
Jéu Drying lagoons, 2-4 foot hign
. b. Anaerobic’lagoons, 35 foot depth
2. Equipment ' "
a. Sludge feed line
b. Metering pumps '
* C. Supernatant decant lines : ‘ ,
d. Sludge removal equipment
) ' C. Operating procedures
‘ ‘ 1. Pump Tiquid feed sludge
* . a. Normally stabilized -

2. Decant sbpernatant
> a. Continuously
_ b. Intermittently
. 3, Fill to desired debth and allow to dewater
- s * 4. Remove deWatéféd sludge
' 5. Resting sta§e )
/a. 3 to 6 months o R
6. Repeat‘the cyc]e

3
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D. Design Criteria . !
. . .
WQM_,__H 1. C];mate %',___,”_, , : T '

’ ) 2. Subso11 permeab111ty
3. Sludge characteristics i . } -
' a. Anaerobically digested
4. Depth and area
a. Drying lagoons - 2 2-2.4 1bs/yr/ft T
b. Facultative-lagoons -.20 1bs* VS$/1000 ftzl N

.m . . ” * * .
II1. LAGOON TYPES Y, . v ) .y
A. Sludgé Drying Lagoon _ = 4 -

}a Resemble drying beds
2. Sludge exposed to air
3. 2.2-2.4 Tbs/yr/ft>
4, 24-48 inch depth

B. - Facultative Sludge Lagoons
1. Aerobic surface area

' - . A Surface mixers: (brush) . ,
b. 02 atmospheric transfer
c. Cyclic - symbiotic re]at1onsh1p ‘ ,
2. 20 bs. VS/1000 ft°/day
3. Lagoon depth 11,5 - 15 ft,
,// C. Anaerobic Liquid Sludge Lagoons .
: 1. Lagoon depth 15 > 35 ft. e
2. 5 ft. water cap
3. No surface agitation - ‘ : .
4, MSBGC
‘ . /},‘
IV. OTHER OPERATIONAL CONCERNS _ - e ;
"A. Monitoringa ’ S , \

1. Sensory observations
2. Studge loading
3. Quality and characteristics

. ’ 4. Depth, date, time e
5. Weather - . é
R . 6. Supernatant quality A Ve
o ‘ LG-5 of 11 , 10/82
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. ‘ .
.+ . . - B. Emergency Operating Procedures : o .
' + 1. Undigested sludge o s T .

C. Désign shortcoming§

1. Adverse weather

2. Small lagoon area '
. . D. Troubleshooting. .
- 1, Odors *
. 2, Insecss

~ <+ 3..Strong supernatant
B 3 R [N 4
== E. Maintenance
. : e 1. - Remove weeds - .
. ; _ 2. Remove supernatant -
3. 'Repair dikes
) : F. Safety ot
1. Gases
’ 2. Hygiene . :
’ * '
» . > .
~p
. . * : *
- . = 8 —
v . v ’ p
. ‘ ) ’ !
]
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NARRATIVE

SLUDGE LAGOONS

Slide #

10.

11.

Th1s module discusses the theory, the types, and recommended operating

procedures for sludge lagoons._
{he module was written by Ronald M. Sharman. {nstructionaj design was >
done by Priscilla Hardin. Paul H. Klopping was Project Director.” -

Treatment of wastewater sludge by 1agoon1ng is a viable method ¢f sludge
dewatering when sufficient, economical land is available.

Digested sludge lagoons were originally considered temporary sludge storage ok
devices. Prolonged storage proved to be an effective dewatering process. '

Sludge lagoons are sTmilar to sand drying beds in their modes of operation.
Both operate with sludge being periodically drawn from a digester, placed
in a lagoon (or sand bed), and removed after a period of drying.

In lagoons, sludge generally requires 1 to 3 years to achieve a predeter-
mined solids concentrat1on suitable for removal.” The cycle is then re-
peated.- . § S e »

F\
"P T

There are three basic types or variations of s1udge lagoons. These are:
1) The s1udge drying lagoon; 2) The facultative s1udge 1agoon, and 3)
he anaerobic sludge lagoon. . . P

.

These three variations of sludge 1agoon systems contain common;des{\h

equipment, and operational requ1rements ;

* Sludge 1agoons consist of some sort of reta1n1ng walls wh1ch are norma]]y

earthen dikes. These vary from two to four feet high for drying lagoons,
and up to thirty-five feet high for anaerobic sludge lagoons at the .
Metropolitan. Sanitary District of Greater Chicago.

The earthen dikes normally enclose 5 rectangular basin with a permeable

bottom surface. Dikes should be of a shape and size to permit maintenance,
mowing, and a roadway for equ1pment Lagoon width and depth are con-,

trolled by the 11m1ta jons of the sludge removal equipment. :

Equipment common to, 11 lagoons include: 1) sludge feed Tines and metering
pumps, 2) supernatafit decant lines, and 3) some type of mechanical sludge
oval equipment. ¥n areas where permeable soils are ugeva11ab1e,\under-

em :
v§(a1ns and aSSOC1ataa piping may be required. P

*é LG-7 of 11 : 10/82
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22.

23.

-

Operat1ng procedures common to all 1agoon systems involve: 1) Pumping

- the 11qu1d sTudge and filling the lagoon to a ¢esired depth over a period

of months. The pumped sludge is norma]]y stabilized pr1or to application.

2) Depending on the climate and the depth of app11ed s1udge, the time
1nvo1ved for dewatering may vary. (This.may range from 1 to 3 years.)

" 3) Decantipg supernatant, e1ther continuousy or intermittently, from the.

lagoon surfaee and returning it to the headworks of the wastewater treat-
ment plant. \'>

"4) Removing the dewatered s1udge with'some type of mechanical.removal

equipment with ultimate disposal as land application or landfill.

5) Resting (adding no new sludge) the 1agoén for three to'six months and
6) Repeating this cycle. . . ‘ .

o f - N
Proper design of the sludge lagoon systems requires close attention to
the following considerations: 1) Climate, 2) Subsoil permeability,
3) Sludge characteristics, 4) Lagoon depth. .
i

Proper s1ze of the lagoon requ1res climatic 1nformat10n concern1ng~ 1) .
Precipitation rate, 2) Evaporation rate, 3) Temperature extremes. The
role of evaporation in dewatering is especially important in the process
of drying Tagoons.

)

Thé bottom of the Tagodn should be a minimum of 18.inches above the ground
water table. The supso11 should have a-moderate permeab111ty, highly
permeable sol1s may requ1re “synthetic 11ners

The character1st1cs of the s]udge placed in a 1agoon s1gn1f1cant1y affect
odor and wector problems that can be produced. It is recommended that
only anaerobically digested sludge be used for lagoon ap01¥tét1ons

Aerobically digested sludges have been used with some success - ‘

Stable Tiquid s1udges with less than 10% solids can be stofed in most
Tagoons. Air dried; stable sludges oF greater than 30% solids can be-

stored safely without odors. , 4

Lagoon storage‘is not suitable for Mnstabilized, dewatered or partiglly
dried sludge (less than 30% solids) because of sthe problems associated
with sept1c1§y -(0dors and poor solids transport propert1es )

The actual depth and area requirements for sludge lagoons var1es depend-
ing on climatic conditions, sludge type, and lagoon voluype. Wet climates

‘may ‘require greater sludgé stability and lagoon area to attain “good

dewaterability.
volume in a smaller lagoon area.

1

Drier climates may be able to-handle a greater sludge

1

" A minimum of two separate lagoons are provided to ehsure availability of
- storage space during cleaning, maintenance, and emergenqy conditions.

Recall that lagoons are used for dewatering, some further decompos1t1qn,
and storage of wastewater sludges. Let's take a ¢loser look at the three

different types of s1udge‘1agoons.

10/82
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34,

35.

36.
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' 27.

[
7 28.
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3.

v
[

Sludge drying lagoons are low co$t; simple systems which c]ose]y“resemb]e
sludge drying beds because the applied sludge 'is left exposed for actual
drying to take place. Drying beds can be coffgerted into drying lagoons
by extending the sidewall depth with planking. : , o .

Brying Tagoons héve a sidewall dike height of 2 to 4 feet. Sludge is
-applied to a depth between 2 - 3.5 feet, After decanting, ‘the drying
depth averages about 15 inches. \ '

Applied sludge depth can be greatér in warmer climatas where the annual
rainfall is Tow and longer drying periods are possible.

Solids loading rates suggested for S]Jdge'drying lagoons range between
2.2 - 2.4 1bs/yr/ft3 of lagoon capacity. After about one year of drying

... time, the sludge is dewatered from 5%:solids to about 40% solids.

. At the end of the drying cycle sludge drying  lagoons are cleaned by using
a front-end loader or other equipment which can enter the lagoon to re-
move the dried sludge. The dewatered sludge can then be hauled away -to
a final disposal site. )

K ' ¢ o
Facultative sludge lagoons differ from sludge drying lagoons in’ that the
sludge is_never left exposed for actual drying to take place. These °
lagoons are designed to maintain an aerobic surface layer free of scum
or membrane-film buildup. . .
The aerobic layer is maintained by keeping the annual organig loading
rate to the lagoon at or below 20 pounds of volatile solids per 1,000
square feet of surface area per day and by insuring efficient Op transfer
at the lagoon surfage. . '

" Oxygen transfer takes place naturally with the growth of photosynthetic
algae in the lagoon surface layer. Surface mixers provide agitation and
mixing of the upper layer to support aerobic conditions.

i

Brush-type floating surface.mixers have been the most successful used
to provide agitation. Mixers are most effective when located down- .
wind where the most scum accumulates. Mixers operate 6 to 12 hours a \
day to maintain scum;ﬁgee,conditions. .

As the sludge is added to this lagoon, the digested sludge solids settle
to the bottom of the basin. Sludge liquor.or Supernatant is periodically
returned to the plant headworks to maintain a constant liguid level. N

Facultative #ludge lagoons must operate in conjunction with anaerobic
digesters. They cannot function properly when supplied with either un-
stabilized o aerobically digested sludge because of possible odor

_ problems. o :

L
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37.

.38,

39.

40.

41.

42,

43.

- 44,

I -

s

A

\

The practical depth of a facultative lagoon is controlled fye the Timit-
ation of commercially available dredges, with the proven capac1ty of re-
moving soligs from bepeath liquid surfaces. Such equipment is capable’
of removing s]udge up to 15 feet ‘deep.

.Under. normal operat1ng cond1t1ons, ‘sludge is applied to the 1agoon for .

a year, allowed to dry or concentrate for 18 months, cleaned, and then
the éupport1ng mater1a1 is "rested" for six months “Ca , i
Anaerob1c s1udge 1agoons«are de51gned for so11ds decompos1t10n under.
anaerobic conditions. Depthi of an &naerobic lagoon can vary between

15 and 35 feet. A 5-foot water cap is used to contain odors. No surface
ag1tat1on is used in th1s application. SR

Limited data is available for ASL HowéVer, operat1onq}vdata from the
Metropolitan Sanitary District of Greater Chicago showed a solids loading
rate of between 36 - 50 1bs volatile solids per 1000 ftl. .per day.

~ Chicago reports anaerobic lagoon system accomplishs an overaltvolatile

solids reduction of 17”

Monitoring‘of sludge lagoons generally consists of sensory observations
and interpretations by the plant operator. Records are kept on sludge

~ loading, sludge quality, weather conditions, and supernatant volume.

Monitoring results provides the operator with the information necessary ',
to determine the optimal time of sludge removal from the lagoon. Keeping
a close eye on the supernatant quality "helps the operatdr foresee any
prob]emi the supernatant may cause as it is pumped back to the plant.

In.addition to the normal filling and cleaning procedures, other oper-

- ational concerns include 1) Physical maintenance, 2) Water Tevel

management, 3) Nuisance control. ‘
Maintenance requirements are very Tow for sludge lagoons. Follow man-
ufacturers' recommendations for care of all mechanical equipment such
as aerators, pumping and dredging machinery. .Give regular attention to
dike errosion, replacement of rip-rap, and roadway condition.

Water Tevel management practices vary for different lagoon systems. In
drying lagoons the operator should prompt]y remove supernatant liquor

and rainwater to expose the cake to the air. In facultative or anaerobic
systems, a constant level is maintained'and excess supernatant is re-
moved as. it accumutates.

Nuisance control is.another important operational concern. Remove weeds
and other vegetation from the lagoon area and dikes before filling with
sludge. Control offensive odors by cheq)ca1 masking agents or by adding
‘chloride of }ime to the sludge as it is discharged to the lagoon. Flies
may be a problem in some areas and are controlled by elimation of breeding
environments and by the use of traps and poisons. .

LG-10 of 11 . 10/82
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48.

ot

w—

. 50.

The only emergency that may)directly affect the operation of the sludge

Undigested or poorly digested
result in odor problems.

upset’.
s likely

lagoon i% anaerobic digestq
sludge applied to lagoons
Don't overlook safety.copsideratiops unique to lagoon operations. Since
anaerobic digestion of Aewage slidge produces combustible gases, smoking
or open flames should be prohibited when.discharging digested sludge to
the 1agoon. Fencing and warning signs may be desirable to prevent tres-
passing. Washing facilities should be available for both machinery and
personnel. Provide life jackets and emergency floatation gear around
dredging and maintenance equipment.

Sludge lagooning, whether it be drying, facultative, or anaerdbic, is

a good mechanism for dewatering sludge. Some volatile solids feduction
is also achieved, especially in facultative or anaerobic systems. ’

Déwatering by \agooning is a very cost effettive method when land is,
easily availabTe. Lagoon operation is only one component of the waste-.

water soiids treatment process and must be integrated into the overall - -
" wastewater treatment system. - -

.. 3

L]

10/82

LG-11 of 11

t




SLUDGE LAGOONS

WORKSHEET : ) g

Multiple Choice - Place an "X" by the best andwer(s) or select aﬁswers as
directed in the question. o .

1. Sludge lagoons are another method of: : Lo
_a. Sludge conditioning
_ X _b. Sludge dewatering‘ . S
______C. Sludge inciheration ' : .
' d.\S*rdge chemical treatment - ‘ . .\\ .

2. Lagoons (are/afe not) typically provided with an underdrain system.

a. Are \\ .

X b. Arenot- ‘

‘_

/

3. Before sludge is .ddded to a lagoon syste&, it should be:
a.” Stabilized . .

b. Unstabitized o, -

c. Heated , - _ -

d. Tasted '

i

4. Some of the equipment commonly associated with sludge lagoons includes:

a. Heat exchangérs ?
b, Scum baffles -
_ X _c. Supernatant decant lines , T

X d. Sludge removal equipment

the following in sequential ordér of operation.

() - .
! .
+

Place
C Decant supernatanf.
D Bemove’dewateréd sludge. . \

F -Repeat cycle. ,
/‘ A Pumping liquid feed sludge. . >, —
E Allow resting period. . ;
4 V.
B '

Fill to desired depth. ‘

LS

6. The property of soil which allows fluid to pass, with the possibility

of ground water contamipation,is called:
' a. Porosity . ’
b. Passability - )
c. Stability ' ~

X d. Permeability _ .

I

: W-LG-1 of 3 . . 10/82




. B P . l ‘ 5
. -
-

7. Sludge dryin'g 1égoons have 5ugg'este;d loading rates of: | . ' ' !
4. 10—191b/yr/ft |
_‘_x__b.22-241b/yr/ft _
c.,,24-271b/yr/ft3 S

|
|
i
24730 - 50 Tb./yr/ft. . , ' R
1

(A)

8. ‘Drying lagoons resemble sludge dr‘ymg beds more closely than'
facultative or angerobic lagoons because: *
. _____a. They have the same dimensions.,
__X_b. Sludge is exposed td dir, -
c. Loading rates aré the ‘same, ' L—" -
d

.” Sludge depth is the same.

9, Facultative lagoons are designed to mgintain a surface layer-that is:

_ X a. Aerobic ’ ‘ ‘ ' .

. ___ b. Anaerobic .~ ' LT . - .‘ i
______C. Absorptive . ' ' h * _ L

d. Alkaline : . L0

10. Along with the oxygen'supplying reaction of the cyclic - symbiotjc
relation'ship between bacteria and a]gae, two other mechanism e utilized
) for ‘oxygen transfer, The two are: ‘

_"X__a. Atmospheric transfer LI ' > 5
. _____b. Anabolism > R - "
’ —___C. Turbine sparging
: X" d. Mechanical aeration: - : ’. ] R
11. Facultative sludge lagoons c\énnot functmn when supplied w1th s]udge ' e
that is:
______"a., Chemically treated
X _b. Aerobically digested
° X ‘c. Unstabilized . v .
d. Anaerobically digested ‘ ’
"12. Comnon depths of an anaerobic 1agoon can vary between:
~ o a. 5 -12 feet. )
__X_b. 15 - 35 feet, S
'_____ c. 40 - 50 feet, . ‘
_d. 400 - 1000° feet. ’ : @

L W-LG-2 of 3 //1 10/82
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13. Anaerobic sludge lagoons are designed to operate with:
X a, A 5-foot water cap.
) b. Two brush aerators,
. 57, volatile solids reduction. : g
d. Chorélla type algae ‘

14, Monitoring of g]udge lagoons genera}iy consists of:
a. Heavy metals analysis -
b. Cotlor méa;urements~

c. Sensory observation. ‘

d. T10C ca]cu]ations.' ‘

15, S]udgﬁ 1agoon oaerau1ona1 emergencies generally consist of:

[N

D1ke eros1on . .

Increasing supernatant concentratiop. A . ~
/

' Low solids content.
x4 "Loss of sludge digestion process.

_16.7 Some suggested methods for controlling of fensive odors incjudé the use of:

X a. Chemical masking agents.

__X_b. Fencing off lagoon area. - - - .

____c. Increasing solids 1oad1ng . . <,
- d, Chloride™of 11nﬁ?added to the sludge feed line. )\_

17..What effect can the 1agoon process have on the overall wastewater”
treatment scheme? :

a. Increase costs. . ‘ '

b. Create dangerous operationm.

o Increase pH. C :

d

Poor supernatant can increase 1oad1ng .

»

18. Major safety considerations take into account pr1mafi1y:
__X_a. Personal hygiene. :

______b. Solids concentration.

¢, Access road speed.

d. Chorella.
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SLUDGE LAGOONS

OBJECTIVES

Upen

completion of this lesson vou should be able to do the

following:

1.

14

“septicity.

10.
11.
12.
- 13.
14.
"15.
16.

17.

4

Explain how lagoon, as.a treatment process, fits into the over-

all wastewater treatment .scheme..

ExpTain why a s]udge drying lagoon resembles sludge drying beds.

Describe the equipment which is common to all gludge 1agoon ik
variations. \ . “

List the six operating proceaures common to all types of lagoon
systems.

Explain how the following design criteria affect sludge 1agoon
operation:

a7_ Climate
b) Subsoil permability

\

c) Sludge charactenjstics.
d) Depth and area

Recall that lagoon st
dewatered, or partiall

rage is not suitable for unstabilized,
dired sludge because of the problems with

#®
l ~’

Recall the sludge 10ading rate if the s1udge drying lagoon is 2 2 -

Describe siudge drying lagoons.

.2 4 1bs/yr/ft3 of lagoon capacity..
. Describe facultative sludge lagoons.

Recall that the s]udge loading rate of the facul tative, ]agoon is
20 1bs VS/1,000 ft2/day. \ . ' N

b ]
Describe anaerobic“sludge lagoons. -

>

Explain the mechanisms of 02 supply in a facultative 1hgoon

Explain why rece1v1ng undigested feed sludge .is the, maJQr emergency
encountered during lagoon operation.

Recall that lagoons are used for dewatering, further decomposition,
and storage of wastewater sludges. :

Describe the.general maintenance tons1derat1ons of s]udge lagoon

. Systems, . .

Describe the causes of odor problems and what can be done to solve
them,

Explain the effects of poon‘supernatant quality on the treatment
plant and what can be done to improve on supernatant quality.

\J
[
‘

N ¢
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et SLUDGE LAGOONS - -

‘." ) ' “ ¢ GLOSSARY '

Aerobic - A xondition in which "free" or dissolved oxygen is present
. in the aqsat¥c environment. '
) T UL . o : .
Anaerobic - A conddtion in which "free" or dissolved oxygen is not
present in the aquatic environment:

_Decant - To pour off without disturb{ng the sediment.

Dewater - To drain or remove water from sludge. .
" Facultative - Pond: Thetopper portjon (supernatant) is aerobic,
while the bottom layer is anaerobic.- Algae supply most of the
‘oxygen. to the supernatant

‘ ' Permeability - (1). The property of a nratéma] that permits appréciable >
movement of water through it when it is saturated and the movement
is attuated by hydrostatic pressure of the magnitude normally
' encountered in the natural subsurface water. - (2). The capacity of N

! a rock or rock-material to transmit'a‘fluidi

Septicity - The condition in which organic matter decomposes to forn
' foul-smelling products associated with the ,absence of free oxygen. .
] s - . \
Solids Copcentrafion - The amount or percehtage of solids inm a unit
volume of water.

¥

¥ Stabilized Sludge - A sludge that has been treated or decomposed to

' the extent that, if discharged or released, its rate and state
of decompos1t1on would be such that the sludge would not cause
odors. ‘ , - :

Supernatant - F]oaﬁ1nq on surface, like 0il on water.. The tiquid
over1y1ng depos1ted solids. " , ..
-~ ' N
‘ Symb1ot1c - The living together or close assoc1at1on of two dissimilar
organi sms With mitual benefit. . .

N M Volatile Solids - The quantity of solids 1in water, sewage or s]udge .
lost on 1gn1t1on of the dry so11ds at 6000 C. . .

’
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| SLUDGE LAGOONS

INTRODUCTION

*dewatering method
*similiar to sand drying beds

, ;%;’6‘
— . L ,
, T
l’vi
i
;
P01 -3 yeaq?}storage Q .
: *stabilized sludge dnly .
{
!
f
{
C |
3 f
. Z i
BASIC/CONCEPTS
) H . '

20

[

Sludge lagoons are another method of sludge
dewatering when sufficient, economical land
is available. Sludge lagoons are‘s{mi1ar to
sand drying 'beds in their modes of operation.

Both operate with sludge being periodicaily

~ drawn from a. digegter,‘p1aced in a lagoon

(or ‘Sand* bed}, removed after a per1od of
dry1ng, and the cyc]e 1s repeated _Lagqons,
however, are not txp1ca]1y provided withyan
underdrain system because most of the drying
is accomp]1shed by decant1ng supernatant
1iquor and Qy evaporat1on -Also, s]udge 1§~
placed at depths three to four times greater
than it would be in a drying bed. And, in
fact, some.sludge drying beds are‘temporari]y
"tonverted to drying lagoons by increasing
. thf sludge depth. b ’

<

Generally, sludge is allowed to dewater and
d¥y to some predetermined solids concentra-,
tion before removal and this may require’

one to three years., The cycle is then
repeated. Sludge should be stabilized prior,
to addition to the lagoon to minimize odor

problems.,
>
[

Different operatjonal variations of the -
treatment process of sludge 1agoon1ng
~contain common des1gn and equipment reqd1re- Y
ments. Sludge lagoons consist of some sort
of retaining wall whjch‘are normally earthen
dikes, These vary from two to four feet.
high for drying lagoons to 35 feet high for
anaerobic lagoons at the Metropolitan

\

. S-LG-4 of 19




“*

‘ ’lSani tary District of Gredter Chicago (MSDGC)
LT * . Prairig Plan land reciamation project in :

s Y] 4
Dikes - ' ‘
3 'I
“allow for maintenance ! . Fulton County, I1linois: The, earthen dikes -

v ) norma]iy enc]ose a réftanguiar space with.’

~

4 - , g a permeab]e surface Dikes.hold be of a **
~ ‘ ' shape and Size to permit maintenance¥ mow1ng,"
\and entrance of trucks and. front end loaders.

’

o Lo . , . to the iagoons for sludge remp¢a1

‘Ecuuhmneht Appurtenant equipment inc]udes siudée feed’
" *sjudge feed L “Tines .and metering pumps , Supernatant decant
*meters

*decant lines
*remova uioment . removal equipment. The removal eqUipment can

lines, and some type of mechanical siudge

: N ' include a bulldozér, drag line or front-end
loader, In areas where permeable soils are
. - - e ) unavailable, underdrails and associated v

- ) . | piping may be required S . .
O . B

. o . X Operating procedures cpmmon to all types of
L : Tagoon, systems involve: ’ -
1 - Pumping liquid sludge, over a period of
several months or wore, .into the lagoon.
, ) The pumped siudge is norma]iy stabiiized
. ‘ - prior to appiication
SR 2 - Filling the lagoon to a desired sludge
I . depth and then permitting it to dewater.
: . ‘Depending on tthe climate and the depth
' of applied sludge, the time involved’for
dewatering $o a final solids content of '
- o .. between 20 to 40 percent solids may be
. - ' 3 to 12 months. ‘
o . 3 - Decanting Supernatant either continuous-

1y or intermittently, from the lagoon
‘ ~surface_and returning it to the headworks o
. ” ) ' " of the wastewater, treatment plant,

‘ ) . " 4 - Removing the dewatered sludge with some

<, " type of mechanical removal equipment.,
L 24T / . \
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5 - Resting (adding.no new sludge) to the
Jagoon for three to six months. . - | .
6 - Repeating the cycle.

Design Criteria

. Proper design of sludge 1agbqns requires a
consideration of the lowing factors:
climate, subsoil permeability, sludge

' {  characteristics, lagoon depth, and area

/f ‘ management practices .- /

' ~ Climate | .

— -~ After Qewatering by drainage and supernating,
.. : - o drying in a sludge lagoon depends primarily
) . on evaporation. Proper size of a lagoon,

g , e
. therefore, requires climatic information .
Precipitation ‘ concerning:
Evaporation 1 - Precipitation rate (annual and.seasonal),
- Temperature Ranges . .2 - Evaporation rate (annual average, range, ‘
R : ' and seasonal fluctuations).
) N 3 - Temperature extremes.
Soil?, Subsoil®” Permeability
i )
. The subsd™l should have a moderate permea-
- - ’ ' bility of 1.6 x 10 -4 to 5.5 x 10 “% inches

“per ¢econd, and the bottom of the lagoon
should be a minimum of 18 inches above the
max imum ground water téb]e; unless otherwise

: Lo 3 directed by local authorities

S]udge Characteristics

The type of s]udge to be placed in a 1agoon
Vo can s1gn1f1cant1y affect the amount and type
o . of odor and vector prob]ems that can be -
produced. It is recommen&ed that only those
sludges which have been anaerobically digest-
‘ SR ed be used for lagoon applications. Stable .

R . S-LG-6 of 18 R V-



‘ ‘ ‘ : 1iquid sludge with less than 10% solids can
| . be stored in most lagoons. When it is air
‘ dried to greater than 30 to 409 solids,
“stable s]udge can be siored safe]y and w1th- .
’ © " out odors. 1% is impractical  fo store
unstabilized, dewatered or partially dried
sludge (less than 30% solids) because
problems assﬁciated with septicity (odors,
poor solids transport .properties) can
. : . " develop. - '

1

f)do# Potential! _ ' Nuisance odors will not devefop in anaerobic
storage when sufficient methane bacteria are
. present. If the methane bacteria-are
destroyed, however, serious qdor probiems
may result. As an example, qonsider
ahagrobica]]y digested sludge which is
. : o placed on a drying bed or in a drying
‘ lagoon. The top layer of sludge is ‘
dewatered, and methane bacterlga die as the
o sludge aerates and dries.” Odor levels are
extremely low, since the sludge is too dry
to support anaerobic biological activity.
' Should the surface of the sludge be rewetted
- : (for exdhp]e, by rainfall or surface
| * flooding), however, gnaerobic activity would
resume, the organic acid concentration
would rapidly increase, and odors would
. ’ increase to nuisance levels, 0Odor problems
experienced with approkimate]y 580 acres
. of drying lagoons at San Jose, Ca]iforniq,
immediately following a rainstorm, is a " -
example of this type of problem.

- Lagoon Depth and Area .

: /
. . The actual depth and area requirements

ERIC ' " S-L6-7 of 19 [, 7/82
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for sludge lagoons depends on several

T factors such as précipitation, evaporation, .

. e ' type of sludge, volume and solids concentfa—
tion. Solids loading criteria have been
given as 2.2 to-2.4 pounds._of: solids per
year per cubic foot capacity for drying
Tagoons to 20 pounds of yb]aff]q solids per

\ 1,000 square feet surface area for facylta- ,

-

tive lagoons. A mihimum of two separate

> | Tagogns are provided to ensure availabjlity
of storage space during cleaning, mainten- |
ance, or emergency conditions.

General Guidance .

e ' Lagoons may be of any’shape, but a rectangu-

. lar shape facilitates rapid sludge removal,
Lagooy dikes should have a slope of 1:3,

vertical to horizontal, and should be of a

shape and size to facilitate maintenance, .
mowing, passing of maintenance vehicles

atop ‘the dike, and access for entry of

- trucks and front-end loaders into the

Keep surface water out ; lagoon . Surrounding’areas should be
o Toe < ] -
graded to”prevent sirface water from
[}

éntering the lagoon. Return must exist for
- removing the surface liquid and piping to
the treatment plant., Provisions must also

~

2 »

v ' o sludge lagoons,

LAGOON TYPES Lagoons used for dewatering, some decomposi-

\ tion, and storage of wastewater sludges are
Lagoons - - 3 Types: .
v _ *Sludge Drying classified into three areas:
*Facultative - :

L *Anaerobic Sludge Drying Lagoons

\\ . . Facultative Sludge Lagoons

|

.

Lhnit]aubﬁclaccess ' be made for limiting public.access to the
|

i

- \

Anaerobic Sludge Lagoons . ¢

2y
~ o S-16-8 of 19 7/82
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Sludge Drying tagoons'

tagoon drying is a low-cost, simb]e sys tem
for sludge dewatering that is commonly used B
‘ : ' , in the United States . Drying lagoons ‘resemble*
<1udge drying beds more c]ose]y than the other
) two lagoon systems because the applied sludge
: . ' ’ is left exposed for actual drying to take

lace.
. ? P .

Sé]ids Joading_ rates suggested for dryihg
tagoons are.2.2 to 24 1b /yr /cu ft of
lagdon capacity Other designers have made
. recommendaticns ranging from 1 sg. ft./capita
for primary;digested sludges in an arid
- ‘ V c]1mate to as high as 3 to 4°sq. ft./capita
/ \j\ o for activated sludge plants where the
‘ annual rainfall is 36 inches. A dike height
: of about 2 feet with the depth of applied

fe ' | sludge between 24 to 48 inches and the depth
- of sludge after-decanting of 15 inches has
Drying Time g ‘ . . been used ludge depths of 2.5 to 4 feet

. *2-3 years may be used tn warmer climates where 1onger

-

drying periods are possible Sludge may be .
dewatered from 5% so]1ds to 40 to 45% solids
in 2 to 3 years, using sludge depths of 2 to
‘ 4 feet.

Y

ADVANTAGES AND DISADVANTAGES OF USING SLUDGE DRYING LAGQONS

Advantages . Disadvantages
Lagoons are low enerqf consum€rs Lagoons may be a source of periodic odor P
v Lagoons consume no chemicals - problems, and these odors may be difficulé
Lagoons are not sensitive to sludge to control

, . variability There 1s a potential for pollution of

goons,can serve as a buffer in the groundwater or nearby surface water
ludde handling flow stream. Shock

ocadings due to treatment plant upsets
be discharged to the lagoons w:th

7
Lagoons can create vector problems (for
example, flies and mosquitos)

min}mal Lmoact Lagoons are more visible to the general
Orgariic matter 1s further stabilized public
Of all the dewatering sSystems avarlable, Lagoons are moire land-intensive than fully
‘ - . lagoons require the least amount of mechanical methods
operation attent}on and skill LI kational engineering design data ares
i1t land 1s .dvailable, lagoons have a very lacking to allow sound engineerifg !
. low capital cost economic analysis
- J
. ap
O
ERIC : - © 3y S-Le-9of 19 7/82
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~ *mixers help
*Algae

Aerobic Surface .

" to maintain an aerobic surface 1ayer free of

Eaculfative Sludge Lagoons L ‘

Facultative Sludge Lagoons (FSL's) are designed

scum or memb)ane type film build-up. The
aerobic 1ayer is maintained by keep1ng the

annual organic loading to the lagoon at or
below a critical area loading rate of 20

s

pounds of volatile solids per 1,000 square
feet per day and by using surface mixers to
provide agitation and mixing of the aerobic
surface layer, For example, FSL's with
surface areas of from 4 to 7 acres require
the operation of two surface nixers from 6
to 12 hours éer day to successfully maintain
scum-free surface conditions. All of the
successful installations, to date, have used
brush-fype floating surfacé mixers to
achieve. the necessary surfdce agitation, The‘ ]
aerobic surface layer of the FSL's is

usually from one to three feet in depth and
supports a very dense population of between :
50 x 103 and 6 x 106 organisms/ml of a]gae
{Chorella) D1sso]ved oxygen- is supp11ed to
this layer by algal photosynthesis, by

direct surface transfer from the atmosphere,
and by the surface mixers ,The oxygen is
used by the bacteria in the aerobic degrad-
ation of colloidal and soluble o;ganic métter
in the'digested sludge liquor, while the
digested sludge so]ids settle to the bottom
of the basins and continue their anaerobic
decomposition  Sludge quuor or supernatant,

is periodically returned to the plant's

}iquid process stream.




. W

Algae
*symbiotic relatipnship
*prevents odors

Facultative Sludge Lagoons
*require anaerobic digesters

*dredge for solids removal

¢

.
’

The nutriené and carbon dioxide released in
both the aerobic and anaerobic degradation
of the remaining organic matter within the
digested sludge are, in turn, uséd by thea
algae in the cyclic-symbiotic re]atioﬁshipe*
This vigorous relationship maintains the pH
of the FSL surface layer between 7.5 and 8.5,
which effectively minimizes any hydrogen .
sulfide (HZS)lre1éase and is believed to

be one of the major keys to the successful.

operation of this sludge storage process.

-
A

Facultative sludge lagoons must operate in
conjunction with anaerobic digesters. They
cannot function properly when supplied with .
either unstabilized or aerobically digested
sludge. If the acid phase of anaerobic .
stabilization becomes predominant,”the lagoons

will produce odors. -

FSL depth was established by the practical.
limitation of commgrcia]]y 5va1]ab1e dredges
with a proven capability of fenoving Waste
water solids from beneath liquid surfaces
Equjpment that meets this requirement is
available to ektract sludge from FSLs up to
11,5 and 15 feet -

L
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PREVAILING WIND DIRECTION

. ; Ny .
SUPERNATANT . ‘ N ‘
OVERFLOW - SLUDGE REMOVAL o &~ & -
AUTOMATIC VALVES G
CONTROL VALVE - - -
PR 2 7 .
S oy E a2 4 = Tﬂf *: . . .
z ~- DIGESTED SLUDGE .
- \\ ’ LINE —— e ./‘\
° -a— SLUDGE
| REMOVAL
) . , , \ ¢ \DREDGE
. oy . , ANCHOR
, ‘ - _ 2 ¢ POSTS
. : / \ . {TYP)
N i 5 ' BOTH:
o \\ ~ o ., ENDS
i ; —--— DIGESTED SLUDGE  / ’
‘ : INLETS — d
T |/~ SURFACE MIXER ¢
LYy SURFATE M'XER”'\{»\ o
1‘ Lo 2. ’ Lo
\ A ~ '
| c o
TYPICAL FSL LAYOUT .
f , i
/ " Anaerobic Liquid Sludge Lagoons ‘

Anaerobic sludge lagoons are designed(for

decomposition under anaerobic conditions .

Depths of an anaerobic..lagoon can vary between

15°to 35 feet Anaerobic decomposition takes

. place in varying s]udgé layers utilizing at .
Water Cap ' least a 5-foot water cap to‘contain odors.

*prevents odors ] . ] . ]
p . Ne surface agitation is used in this

application,

Operaiiona] data from the Metropolitan Sani tary
District of Greater Cﬁﬁcago's Prairie Plan
Land Reclamation Project indicates a feed
sludge of 57% volatile solids which is loaded
to different lagoons at rates of 36 .ty 50
pounds volatile solids per 1000 sq. ft. per
day ' These anaerobic lagoon systems aécom-.
plish an overall volatile solids reduction of @
17 percent.

H
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Monijtoring
Xloading

o *sludge quality
*characteristics |
*depth
*date
*time
*weather
) - *supernatant

o Dme

a OTHER OPERATIONAL CONCERNS

“5’:\

v *‘

In thﬁs,operat1 n the 1agoon supernatant is

-#disposed of on 1,320 acrés.of alfalfa-brome

hay fields. Average annual quantity-to dis-
pose equals 700,000 wet tons with an average
ammonia content of 109.9.mg/1 and an average

TKN content of 156.4 mg/1. ﬁ
# .i’k )
Moni toring ‘

Mopitoring~of sludge lagpons generally: con-
sists of sensory observations and interpreta-
“tions by the plant operator. However, records
~\ may be kept on the sludge 1oading,‘s1u&ge'
quality and-characteristics, deﬁth ﬁate,
time, weather ccnd1t1ons, supernatant vofume
and qua11tyo Th1s will provide the operator
Qith-the information necessary to determine
the optimal time of sludge removal from the
lagoon. Keeping a close‘eye on the super-
' natant quality wild: help the operator foresee
any problems the supernatant may cause as it
is pumped back to the plant.

Emergency Openeting Procedures

The only emergency that hay directly affect’
the opetation of the sludge lagoon is the
loss of the sludge digestion.process. Undi-
gested or poorly digested sludge applied to
lagoons is likely to result in an odor
proBlem and should be avoided.

&

Desigh Shortcomings

Adverse weather conditions may pro]ong the

drying of s]udge, however, short rainy per1ods/

e

'$-LG-13 of 1. - 7/82
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. followed by sunny cond1t1ons s,hou]d ‘pose no .
. : " problems. Problems of too Tittle 1agoon
area may be m1n1m1zed’by always removing the
' sludge when it is dry enough and removing
. ) - supernatant as—it forms '
., s
', °  Maintenance Considerations

- ~ - [y
-

* Low Maintenance " Maintenance requirements are very low G

B ' : sludge lagocns  eeds and «ther videlation s

4 -

should always be ren ved 0w re taguon are.

*

before filling witn sludge The operator

should provipt', =.ouv ':{'L;‘Ylu(‘dllt liSEJ’Or

and rain wote: So Oy Lie sludge cake is

' expered t¢ oot Thoinl i oand can diy’

> ’ : ) : rapid})‘1ﬁ dry}u, cgerts s Indracudtathve

ut at.dc;uulc Syacems,' a constant level 1y

. . 'Maimta1ned and e«cess supernatant is R

@

as 1t accumulates ‘ “

-
Repairing of broken dikes and water from
' rainfall or snow YGQUIFG minimal operdtor

time

‘ Troubleshooting

Odor Problems . .

Odor Control - ' . Two basic approaches are available to control

j!;::ing agents ) : or counteract odors: chemicals spraved into ,
' o the atmosphere or chemicals added to the
N . sludge, Chemicals are ava/}ab1e which may
- ' be sprayed into the atmosphere in the vicinity
| Y ‘ . of the odor to counteract or mask the odors.
T ' _ Odors may also be controlled effectively by
adding c¢hloride of -1ime to the sludge as it
. < is diécharged to sludge drging lagoons. -

.35 . :

A
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Fly Control
*traps and poison
*borax ‘

' ] - *calcium® borate
’ *chloride of lime
*sulfate of iron

e

Poor Supernatant
*Broken dikes =
*Early drawdown
*E xcessive' sludge depth

(]
»

i 0

L A—

Odors can alsp be caused by a loss or deerease
in aeration potential of facUltative lagoons
or by a-too shallow water cap in anaeyobic

Systems.

F]ies'ma& be a problem in certain areas and
‘seasons and should-be controlled by destruc-:

©  tion of breeding and use of traps and poisons,

-

S

Thelfly may be controlled most effectively in
the larva. stage and borax or calcium borate
Wil kill. the larva. Neither chemical is
Other *

chemjcals sometimes used are’ chjoride of lime

_ dangerous to man nor domestic animals,

" and sulfate of iron. The adult fly can be
killed by spraying. . f
] .
jIn Eopsidgring the sludge lagoon*as part of .
the overall process of wastewater treatment,
we can:see the possible effects the lagoon
may havg on tHe rest of the systgmfﬁ Super-
natant decanted .from the lagoon can upset the
treatment process when it is recycled. Some ‘

7 . causes Of degraded supdrnatant inclyde:

1 - Broken dikes between lagoons allowing for
© fresh feedsludge to mix with supernétqnt.
o2 —CSﬁpernatant being drawn down prematurely.

3 e,Excessive sludge depths applied causing
‘ éupernatantedraw off to be below the sludge -

interface. ’ . '

:Pr0b1ems of degraded supeirnatant qué]i;y can

be¢§o1ved by a good.strategy of operation and

a program of supernatant monitoring.

e

.
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Safety Conside,ra;cion&‘ v | .

2

Safety
- *No- Smoking A _
*Fencing produces combustible gases, smoking ‘or open

c o *Hygiene Facilities fires should be prohibited when discharging
anaefobically digested sludge tor the lagoon,

g Since anaerobic digestion of Sewage sludge’

Fencing of lagoons may be dgsirable to pre-
vent trespassing. Washing facilities sfould
| - “be*available for' both 'machinery and personnel

. : . Personal hygiené~must be of concern because
‘ ‘\\‘) of the nature of the material be ing treaggd,

i

Cost 1nformat1on on cap1ta1 cost of construc-

-

& . > A

~ tion of s]udge 1agoons 15 almost nonexistent

Labor requ%rements for sludge dry lagoons are
‘) covered in the following table. xThe require-
ments include: application of sludge to the qf
’)r - lagoon; periodic removal \f supernatant;
periodic removal of solids; and minor maini
tenance requirements, '

. ‘ . . ) The major elements involyed in determining
- , o facultative sludge lagoon-costs are land and. ¢
‘ earth moving, both are quite sité specifics
\\ h ~ For example, a typical FSL storage fagility
’ for a 10 MGD secondary activated siudge
. . ’ treatment plant wigh primary sedimentation,
. \ anaerobic digestion, and normal strength
- domestic and industrial sewage will cost®about
$25,000 per year to operate (1978 doltars). .
. Some of these operat1ona1 costs being used to
& | supply energy to the surface aerators. Addi-

tion of a dredge and/or booster pump would
' 2

A :‘% "‘y ’ Fa | A
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ADVANTAGES- AND LIMIﬂTlONS OF USING FACULTATIVE SLUDGE .
LAGOONS FOR LONG-TERM STORACGE BN :

i

. .
' , . o o i
dyantages -

[,

» .

IL>mitations

) Provides lohg-term sﬁogaqé with 1. Can only be used following anaerobic
® acceptable environmental “jmpacts stabilization. If acid phase of,
(oduor and groyndwater conéamlnatlon digestion E}kes place 1n lagoons they
risks are minimized). ‘ will stink/
Continues anaerobic stabiliczation, with up 2. large acreages require speclal odor
to 45 percent V3 reductxon an first vear. mitigation measures.
t '~ .
’ Islecan_mj ability agsures minimum sol1ds 3. Reguites large areas of land, for
recvy¢le with, suoernatant {usually less .example, 15 to 20 gross acres (6 to Yoo
than 500 mq/l) and maximum concentration 8 ha) for 10 MGD, (438 1/s) 200
for storage and éffxc1ent harvesting gross acres (80 ha) for 136 MGD
{>6 percent solids) starting with Jdigested (6,000 1) carbonaceous activated
sludge of <2 perqent solads. sludge plants. R
1
s Cong-term liquid scorage 1s one of few 4. Must be protected from flooding.
. natural » (nf?e%texnal .energy 1nput) means
. of reducing gathogen vontent of sludqes. 5. Supernatant will contain 300-600 mg/l
. , of TKN, mostly ammonia.
. - Energy ‘and ooeration&l effort .eqplroments . '
o are very minlmu@ ; 6. Magnesium ammon:a phosphate (struvite) -
b deposition requires-special supernat—
5 Once establlshedA buffefing capaglty 1s ant design.
almost 1mpossible to upset.
< Allows for all trlbugarQ digesters ‘to . )
" operate as primary’ cofiplpte-m1x units .
' {one blending unit may be required for v
large 1nstallat10ns). /4
- ; . . A
Provxdes env1ronmentally écceptable place
for disposgl of digestek contents during
J - period1c cleanlng operatxons .
Sludge harvestlng }s cowpletely 1ndependent
from sludee prodyction.
‘ﬁ i
I
feo
! [ ’ .
4
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,Lagoon

*Dewatering
¥Cost Effective

. S-L6-18 of 19

add another $150,000 to $180, 000 to the con-
struct1on costs;

Sludge lagooning, whether it be drying, facul-
tative, or anaerobic, is a good mechaaism for
dewatering sludge. Dewatering'is the remové]
of water from wastewater treatment p]ant

solids to achieve a vo]ume reduction. Some

‘vo]at11e solid reduction is also achieved, .

especially in facultative or afaerobic

systems  Dewatering by lagooning is a very
cost effective method, when tand is Easi]y
It is done primarily to decrease

available
thé capital and operating costs of direct

s¥udge disposa] or conversion. Dewatering

s]udge from i 5 to §\20 percent solids con-
céntration reduces/VET;;e by three-fourths
and results in‘a non-f]uidynatefia]. Dewater-
ing is only one\omponent of the wastewater .
solids treatment process and.must be integrated
into the overall w%&tewater treatment system

so that performande S\ both the 1iquid and
solids treatment schemas is optimized and,-
total costé are minimizeq.

-
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0. | B ‘ SLUDGE LAGOONS™
® : WORKSHEET

Multiple Cho1ce -~ Place an "X" by the’ best answer(s) or select answers as
directed in the quest1on ’

l; Sludge lagoons are another method of:’
a. Sludge conditioning’
b. Sludge dewatering _ \
¢. Sludge incineration .
d. Sludge chemical treatment '
¢ - ) . - y
2. Lagoons (are/are not) typically provided with an underdrain system.
15 s “"‘U

- : : a.' Are ‘ é, _
"5 ) -b. Are not - -

3. Before sludge is added to a lagoon system, it should be: . . -
a. StabiliZed '
b. Unstabilized
¢c. Heated “ .
d N TasFed

{11

1 - : , < :
v‘ 3 .4, ¢ Some of th,é equipment commonly associated with sludge ‘lagoons includes:
a. Heat exchangers

|

Scum baffles’

b
, c. Subernatant‘decant lines
d. Sludge removal equipment

G

* 5. Place the fpllowing in seduentia1_5?der of -operation.

Decant supe;natant.
Remove dewatered sludge.
Repeat cyc]e '
Punping 11qu1d feed s]udqe
Allow resting period.

Fill to desired depth.

A 6. The property of soil which allows fluid to pass, with the possibility
of ground water contamination,is called:

" a. Porosity, v .
‘ ' b Passability
_____Cc. Stability
d

- . Permeability

ERIC » = | WS-LG-1 of 3 - 7/82



‘ 7. Sludge drying lagoons have suggested 1oadﬁng rates of
a. 1.0 - 1.9 1b./yr./ft.3 '
g 3
N b. 2.2 - 2.4 1b./yr./ft.
. - 2.7 b7y jf.S

d. 3.0 - 5.0 1b./yr./ft.

a

(»)

L

8. Drying lagoons resemble s]udge drying beds more c]ose]y than
facu]tat1ve or anaerobic lagoons pecause:

a. They have the same dimensions.
Sludge is exposed to air,

|

b
c. Loading rates are the same,
d. Sludge depth is the same.

9. Facultative lagoons are Hesigned to mairitain a surface layer thagpis:

a. Aerobic

-

), Anaerobic

|

b
c. Absorptive . .
d

Alkatine o _ ‘ Y '

10. A]ong with the oxygen supplying reaction of the cyclic - symbiotic
relationship between bacteria and algae, two other mechan1sms are ut111zed
for oxygen transfer, The two are: -

a. Atmospheric transfer . °
b. Anabolism

¢. .Turbine %@arg1ng

d. Mechanical aerat1on

i-H

11, Facu]tat1ve sludge 1agoons cannot funct1on when supp11ed with sludge
that iS: . . ‘

a. Chemically treated

. " Aerobically digested
Unstabilized

: Anaerobicé]]y digested

11E

a o o

12, Common depths of an anaerobic lagoon can vary between:

: . ., 5.-12 feet. - : , T

] b, 15:35feet. | |
___ 40 - 50 feet. < N ’w
____»d. 460 - 1000 feet.

\ Y, 42 A
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14.

15,

16.

17.

18.

Anaerobic sludge lagoons are designed to operate with: )
a. A 5-foot water cap. ' 'S ’ 3
Two brush aerators.

b.
c. 57% volatile solids reduction;
d. Chorella type algae’

Monitoring of sludge lagoons generally consists of:
. a. 'Heavy metals analysis

RS, I

Color measurements.
f«

b.
c. Sensory observation,
~d. TOC calculations.

gludgc lagoon operational emergencies generally consist of:
a. Dike erosion, )
b. Increasing supernatant concentration.
c. Low solids content.
d. “Loss of sludge digestion process.

Some suggested methods for controlling offensive qdors inctlude the use of:

_ Chemical masking agents.

Increasihg solids loading.
chloride of lime added to the sludge feed 1ine.

a.
b. Fencing off lagoon area.
C.
d.

What effect can the lagoon process have on the overall wastewater

treatment scheme? S

a..ﬂlncrease costs. ) .

_b. .Create dangerou$ operation. _
____c. Increase pH. )

"W
d. Poor supernatant can increase loading. w
Major éafety considerations take into account primarily:
a. Personal hygiene. ‘ ) ‘
wb. Solids concentration.
c. Access road speed. P
’ Chorelta. ' »
The A -
4,
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